The objective of present study was to establish and compare the contents of secondary metabolites of two Hypericum species, H. perforatum and H. maculatum, native to Lithuania, and to evaluate factors predetermining their variation with some practical implications for utilization and conservation. The HPLC analysis of the ethanolic extracts of the studied species showed some regularity in their composition. Both species contained chlorogenic acid, hyperoside, quercitrin, quercetin and hypericin. The presence of rutin and hyperforin was observed only in H. perforatum. The quantitative analysis showed higher content of quercitrin in H. perforatum, than in H. maculatum, whereas the differences in the contents of quercetin, hypericin and chlorogenic acid were not statistically significant between the species. H. maculatum contained a significantly higher content of hyperoside than H. perforatum. The data on phytochemical analysis suggest almost equivalent use of both H. perforatum and H. maculatum extracts in the food industry, cosmetics and pharmaceutics.
In recent years, the consumption of H. perforatum-derived products has increased dramatically, and it is presently one of the most consumed medicinal plants in the world [1a,1b] . The main biologically active compounds of Hypericum species are naphthodianthrones, primarily represented by hypericin and pseudohypericin, flavonoids (rutin, hyperoside, quercitrin, quercetin) and phloroglucinol derivatives (hyperforin) [1c,1d] . H. perforatum is presently considered as one of the Hypericum species that has successfully passed the transition from wild collected resource to cultivated crop [2a] . Meanwhile, H. maculatum is somehow neglected with this regard, possibly due to the lack of scientific knowledge. The extracts of H. perforatum currently used in pharmaceutics are being obtained from the top aerial parts collected in the flowering stage. The quality of extracts is highly dependent on the original herbal material [2b] . Although the natural resources of raw material of H. perforatum are sufficient, however, drug manufacturers tend to utilize plant material produced under controlled conditions rather than gathered from the wild. Recently the cultivation trials were commenced with the underutilized source of flavonoids, H. maculatum. However, there have been only several studies attempting to dissect the chemical composition of field-grown accessions of Hypericum as influenced by environmental or genetic factors [2c, 3,4a] .
The objective of the present study was to establish and compare the contents of secondary metabolites of two Hypericum species, H. perforatum and H. maculatum, native to Lithuania, with some practical implications for utilization and conservation. The HPLC analysis of the ethanolic extracts of the studied species showed some similarities and dissimilarities in their composition (Table 1) . For many years, the red pigment hypericin was considered as the main active constituent of Hypericum, and standardization of the crude drug Hyperici herba has been based mainly on the quantification of this component as marker compound [4b] . Our study showed that the content of hypericin varied between H. perforatum and H. maculatum but the difference was not statistically significant (p=0.19). Therefore, both species could be used as source of hypericin ( Figure 1 ). These results are in good agreement with those reported from Slovenia [4c] and Serbia [4d]. In our study the levels of chlorogenic acid in the aerial tops of H. perforatum varied from 0.16 to 2.18 mg/g DM and in H. maculatum from 0.57-1.87 mg/g DM, meaning the both species produced similar amounts of the stuff. These results also are in good agreement with the previously reported [4e] that chlorogenic acid was the prominent phenolic acid in all Hypericum species.
In summary, our results show that both species contain high contents of chlorogenic acid, quercetin and hypericin. The differences in the contents of these secondary metabolites are not statistically significant between the species. The quantitative analysis also shows higher contents of rutin, quercitrin and hyperforin in H. perforatum, whereas H. maculatum contained a significantly higher content of hyperoside. The relatively high content of hyperoside in H. maculatum encourages the introduction and cultivation of this species. The obtained results serve as keys for the recognition of the diversity pattern of Hypericum species not only in Lithuania but in a wider geographic area. The data of phytochemical analysis suggest almost equivalent use of extracts of both species in food industry, cosmetics and pharmaceutics.
In the typical flavonoid spectrum of Hypericum, quercetin and its glycosides are the major components. Hyperoside and rutin usually dominate among the glycosides followed by quercitrin and isoquercitrin [4f] . Studies on the chemical variability of H. perforatum have demonstrated the occurrence of chemotype without rutin [4g,4h] . In our study the levels of quercetin did not differ statistically between species. The most obvious phytochemical difference between the species is that rutin, quercitrin, and hyperforin are present in H. perforatum, and absent or present only in low quantities in H. maculatum. The highest content of hyperoside was observed in H. maculatum. 346, 381, 385, 403, 404, 406, 411, 412, 413, 414, 416, 419, 423, 424 and 426 for H. perforatum, and 405, 407, 409, 417, 418, 420, 422 for H. maculatum. The herbarium vouchers of the accessions were deposited at BILAS, Nature Research Centre, Lithuania.
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Extraction procedures: Samples (0.5-1.0 g) of dried flowering tops (30 cm in length)) of H. perforatum and H. maculatum with moisture content of 10.0 % were mechanically ground to obtain a homogeneous drug powder and extracted with 96% EtOH (50 mL) for 72 h, at room temperature. The prepared samples were kept in the dark in a refrigerator until used. Conversion of protohypericin was performed by exposure to light for 30 minutes before analysis by high performance liquid chromatography (HPLC). A 1 mL portion from each of the fresh drug extracts was taken up for the HPLC analyses of hypericin. Each of 1-mL aliquot of the extracts was diluted with 19 mL of EtOH for flavonoid analyses. For the determining of dry mass, the material (1.00 g) was kept in an oven at 105 o C for 1 hour.
Identification of hypericin, flavonoids and hyperforin:
For this purpose an HPLC "Waters 2690" with UV detector "Waters 2487" on "CC 125/4 Nucleosil 100-5 C18" column (125 mm) was used. Ten microliters of the samples were injected. The elution program was isocratic. The mobile phase was ethyl acetate / 15.6 g/l sodium dihydrogen phosphate-phosphoric acid / methanol (39:41:160). The flow rate was 1.0 mL/min. The column temperature was 20 o C. The elution was monitored at 590 nm and the obtained data were compared with those of the standard samples of hypericin. Rutin, hyperoside, quercetin and quercitrin were detected employing the modified HPLC method [5a] . Peak identification was confirmed by comparison of retention times and spectral data with those of the standard flavonoids and with those of the standard hyperforin [5b].
Statistical analysis:
The one way analysis of variance (ANOVA) was employed with the SPSS. The results were presented as the mean ± standard error (M±SE). The differences between means were tested for significance by Student's t-test. A value of p≤0.05 was considered to be significant.
